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Many design requirements for electronic receivers in 
the past have demanded that the receiver be useful over an 
extremely wide range of input, amplitudes. Accordingly, much 
work has been done in developing receiver gain character= 
istics that are approximately logarithmic in nature. The 
primary purpose of this type response, however, has been to 
avoid receiver overload and subsequent distortion with high 
level signal input. For this reason, responses that only 
approximate the logarithmic curve were developed. 
The design requirements for this receiver required that 
an exact logarithmic response be developed in order that the 
output signal be a function of the input. Logarithmic re= 
corder paper can be used in the recorder and the whole system 
calibrated to provide a direct readout of the input signal 
amplitude. 
It is with the requirement for a purely logarithmic re-
sponse that this investigation is primarily concerned. 
This receiver was intended to be a subsystem of an ultra-
sonic system designed for bio-medical research. The entire 
system in specifically designed for Trans-Thoracic ultrasonic 
investigations and measurement of the Hemodynamic pulse. 
iii 
The entire system was conceived and developed by Dr. 
Harry D. Crawford, Oklahoma State University. It was he who 
provided the interest and support in this undertaking. To 
him I am deeply indebted. I am grateful for the help and 
guidance provided by Dr. Harold T. Fristoe with the cir-
cuitry portion of this investigation as well as Bill Hugh 
Terrel, Larry Lee Lowcock, Carl Edward Hittle, Gary Lewis 
Johnson, and the rest of Dr. Crawford's research staff. I 
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also acknowledge the United States Air Force, who made this 
investigation possible, and the National Institute of Health 
whose grant provided the financial support for this under-
taking, 
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This receiver was designed as an ultrasonic receiver 
in the 2.25 to 2.5 me. range for use in bio-medical re-
search •. Many unusual design requirements were imposed 
because of the associated electronic equipment and the 
nature of the bio-medical investigation. Accordingly, some 
of these considerations will not be discussed in this work. 
The receiver is required to receive signals from an 
ultrasonic transducer after passing through a biological 
subject.· The nature of the specimen determines to a great 
degree the amplitude of the incoming signal. For example, 
one of the primary areas of investigation is the Thoracic 
region {an ultrasonic signal is emitted from a transducer 
on one side of the region and received on the other). When 
the subject inhales, the ultrasonic beam travels through 
the lung area, which is predominately air, greatly atten-
uating the signal. When the subject exhales the ultrasonic 
beam travels through an area which is predominately tissue, 
providing very little attenuation. The difference between 
these two signal$ is approximately 80 dbo Thus the re= 
ceiver must accept signal strength variation over 80 db. 
and still provide a recorder output that is an accurate 
1 
indication of the input signal. This requires the response 
to be as exactly logarithmic as possible in order for the 
output to be directly recorded on logarithmic ruled paper. 
The ultrasonic system is essentially a closed system; 
therefore, immune to atmospheric noise. This added to the 
possibility of detecting signals of very low amplitude 
places a premium on low internal system noise and high 
sensitivity. 
In addition to the amplitude modulation caused by 
breathing, other modulations of lesser intensity, such as 
FM, have been detected by previous equipment; therefore, 
the recorder output circuitry must have a frequency re-
sponse from DC to at least 20 KC. 
Parameters and Their Measurement 
The frequency range of the receiver is 2.25 to 2.5 me 
which is well below the frequency cut=off limits of all 
transis tors used. All of the circuits in the receiver 
system are considered small signal with the exception of 
the audio power amplifier section and will be analyzed 
accordingly. The hybrid h parameters and their associated 
equivalent circuit seems most useful under these conditions 
and will be the predominant means of analysis. 
The parameters were obtained by measuring the tran-
sis tor under operating conditions with the circuits and 
1 procedures developed by Daniel M. Rukavina The circuit 
2 
for measuring h 11 and h21 is shown in Fig. 1-1. Figure 1-2 
3 
is the circuit for measuring h21 and h22 • Tables 1-1 and 1-2 
provide measurement correction data and h,z,y parameter con-
version formulaso 
Method of Design 
The design of the receiver was approached by deter-
mining the overall design requirements of system then divid-
ing the system into smaller subsystems. The smaller sub-
systems were then d~signed independently with consideration 
of the input and output characteristics, available power, etc. 
only as design requirements of that subsystem. In this 
manner, each subsystem could be considered more or less in-
dependently yet still be an integral part of the whole re-; 
ceiver. 
Figure 1~3 shows a block diagram of the receiver with 
each block representing a separate subsystemo 
The.remaining chapters will consider each subsystem in-
dividually. 
Design Requirements 
Very.definite requirements were imposed upon the input 
circuitry·by the external circuitry and conditions of oper-· 
ation. The.receiver was designed for use with a lead metan-
iobat-e ultrasonic- rransd:ueer especially manufactured for this 
application by Automation Industries of Boulder, Colorado.· 
The transducer, with 25 feet of RG-59/u coaxial cable, pre-
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h PAi,AMETER MEASULEMENT CO:S.RECTIOI1i D1,.TA 
Measured Source Error Factor Termination Error Factor Parameter 
Value (S.E.F.) (T.E.F.) 
Vl Zsl + z 1 -(h12 h21) I \ 1 cal 1 
hu 
i1 cal ZS + hu hu h22 1 1 l+ h 
22 zr1 
\ 
(1 - •s2 ) . h 
Vl Zs2 + l/ 22 l 
V2 cal z2 1 -
(1 + •r2) 
h12 cal 
Zs2 + z2 cal hu 
i2 Zsl + zl ~al 1 
i1 c~l ZS 1 + hu 1 - (1 + 1 ) 
h21 
h22 zrl 
.. ) (1 -
+ ~/h22 i2 Zs2 
1 -r21 h12) 1 h22 V h22 hu ZT2 2 cal z2 cal 
1 + -Zs2 + z2 cal hu 
7 
TABIE 1-2 
h, y, z, P.'.iliAMETER CONVER.SION EQ.U11.TION3 
zll 1/yll (1 - 'T) h11/(l - T ) 
z -r12/r11 Y22Cl - T) h12lh22 12 
z21 ·Y21IY11 r 22 (1 - T) -h2/h22 
z22 1/y 22 (1 - T) l/h22 
l/z11 (1 - T ) y 11 1/hll 
-z12lz11 z22(1 - T) Y12 -h12lh11 
-z21lz11 z22 (1 - T) Y21 h21lh11 
l/z22 (1 - T) Y22 h22/(l - T ) 
z11 (1 - T ) l/Y11 hll 
z12lz22 ·Y12IY11 h12 
·z2/z22 Y2/Y11 h21 
l/z22 Y22/(l • T) h22 
1 • z21 z12/z11 z22 T = Y21 Y 12/y 11 Y22 T= 
1 
1 - hll h22lh21 h12 
-
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Figure 1-3 Receiver Block Diagram 
00 
9 
at 2.5 me. This impedence must be properly matched by the 
receiver input circuitry. The maximum voltage anticipated 
was 10 mv and the receiver must be sensitive over a range of 
at least 80 db. This required the RF circuitry to have a 
minimum sensitivity of at least 1 microvolto 
Since ,the incoming signal to the transducer is ultra-
sonic, the ,problem of external noise and antenna noise is 
not present as it would be in ordinary communications re-
ceivers; therefore, low noise circuitry presented a real 
advantage in this appl1cat1on 9 much the sa.me as in receiver 
design for the UHF frequency range. For this reason, much 




Primary consideration in the design of the RF Amplifier 
portion of the receiver was to develop a low noise, stable 
circuit. Three basic circuits were considered; a cascade 
amplifier, a cascode amplifier, and a parametric type ampli-
fier. The cascode amplifier consists of two or more common 
emitter amplifiers coupled together by transformer coupling 
or other means. This type of amplifier, though commonly 
used in the lower frequency ranges, was not considered fur-
ther because of the practical noise figure attainable •. The 
cascade amp~ifier is a direct coupled common emitter, common 
base amplifier which combines the best characteristics of 
both. The theoretical noise figure is the same as that of 
a cascade circuit but the practically attainable noise fig-
ure is much lower. It essentially provides a single stage 
noise figure with a two stage gain. The cascade amplifier 
is traditionally used in the VHF frequencies as RF ampli-
fiers because of their low noise characteristics. 
The parametric amplifier is usually employed in the 
10 
11 
micro-wave frequency region because of its low noise char-
2 acteristics but a few attempts have been used at the lower 
frequencies around 30 kilocycles3 and at broadcast fre-
. 4 
quencies. The parametric amplifier considered is an adap-
4 tation of an amplifier developed by Planinac. This circuit 
was especially attractive because of its use of junction 
diodes. Fig. 2-1 is a junction diode parametric amplifier 
considered for this applicationo The lowest attainable 
5 noise figure for the para.metric amplifier is Oo9 db. Al-
though the parametric amplifier has a lower noise figure it 
is also more complicated, more expensive, and more difficult 
to construct. With the availability of extremely low noise, 
·1ow cost, transistors a cascode amplifier can be designed 
with approximately 1 db noise figureo For this reason, the 
cascode amplifier was selected for the RF amplifier portion 
of the receivero 
Design of the Input Matching Network 
t '' 
The casoode amplifier was selected because of its sim-
plicity and the low noise figure attainable. The design 
input impedance was a nominal 10=j100 ohms to match the 
ultrasonic transducer input. 
This required a matching network to match 10-jiOO ohms 
required by the cascode amplifier. This was accomplished 
by the use of a series inductor and an L matching network. 
The se;ri~$ inductor neutralized the capacitive reactance 
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Figure 2-2a. Matching Network Equivalent Circuit 
0 
i!0 = /OOO+j0f2 
0 
Figure 2-2b L-Matching Network 
13 
shows the lossless equivalent circuit. 
The desired value of L1 is such that it presents a 
reactance of 100 ohms at 2o5 me in order to offset the 
capacitive reactance of the transducer. 
Z = jwl = j100 
L Z - uoo = 6.5LAh 
l = 'JwI - j(2o) X 106 ) {271) , 
14 
(1) 
The L-matching network was designed with reference to 
H. T. Fr1st6e's "Q Equations 116 
R2 = 1Q.Q.Q. = 100 
- 10 
Rl 
From chart Ir-r6 
. ··;Q = 10 
L == .016 
C 
(.016) (1000) = 6.4)'fh 
2.5 
c2 108 r C2 = ~ X Po 
FrR1 
C = .01~. X 108 = 1.::._6 ~-10~2 X 10S 
2 12.5) t1ooof 2.5 x 103 





Inductors L1 and L2 are combined in one resulting in the 
final matching network as shown in Fig. 2-2(b). 
Referring to Figure 2-J, the first two transistors, 
Q1 and Q2 , comprise the cascode RF amplifier. This figure 
will be referred to throughout the design analysis of the 
cascode amplifier. 
Design of the Cascode Amplifier 
15 
The L-matching network provided an input impedance of 
1000 ohms to the cascode amplifier. This was done in order 
to operate the amplifier under minimum noise conditions. 
The transistor selected for the Cascode RF Amplifier was 
the TI-363, a low noise device manufactured by Texas Instru-
ments, Inc. Under proper operating conditions, this tran-
sistor has a noise figure of 1 db at 2 me and room temper-
ature. 
The design criteria for minimum noise operation of the 
cascode amplifier was,7 
Vee= -6 volts 
IE = -.5 ma 
R = 1000 ohms g 
TA = 25° C 
F - 2.5 me (5) 
s = 7 
Where: Ve~ - the collector to' emitter voltage (volts) 
IE = Emitter current (ma) 
R = generator resistance g 
16 
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TA= Test temperature (0 c) (6) 
F = Frequency 
S == Stability factor 
The stability factor (S) of 7 was selected to provide a 
reasonable temperature stability without too much loss or 
gain. 
s (7) 
R3 is.fixed by emitter current considerations at 2200 
ohms. Rb consists of R1 and R2 in parallel. Since~ is .98 
then 1-"" is approximately zero and we can neglect the term 
( 1- °'- )Rb. · Solving for Rb, 
s R3 + Rb 
R3 
~ = RJ (S-1) (8) 
Substitutingtn values we get, 
Rb= (2.2 X 103) (?=1) = 6- (2.2) X 103 
Rb = 13.2 x 103 ohms (9) 
For proper bias, Rb consisted of the parallel combi= 
nation of 33 K ohms for R1 , and 22 K ohms for R2• R4 and 
RS were similarly proportioned in order to properly bias Q2• 
Capacitors c3 and c4 were chosen so as to properly bypass 
R3 andR5• Bypassing R5 places the base of Q2 at ground 
potential as far as the signal is concerned. A quiescent 
point for the cascode amplifier was determined by graphical 
analysis. Maximum current considerations set the value of 
18 
R3 at 2200 ohms. This fixed the impedance of the parallel 
tuned circuit formed by L 2 and the series combination of c5 
and c6 • 
In the actual circuit L 2 is a variable inductor tune= 
able over the range from 6.7 to 15,µh to resonate with a 
nominal 305 pf capacitor. The design Q is 10 . Capacitors 
c5 and c6 in series present an equivalent capacity of 305 pf. 
The output is taken between t he capacitors to provide an out-
put impedance of 900 ohms in order to provide the required 
input impedance to the mixer. 
The performance of the entire amplifier now was eval-
uated by means of a mathematical model. Nominal values for 
common emitter h parameters were found to be, 
hie = 3.46 K ohms 
hfe = 60 
hre = .0192 
hoe = 329 mho (10) 
Utilizing the conversion factors of table 1 the common 
base h parameters are, 
hib = 56.8 ohms 
hfb = . 984 
hrb = 5.6 X 10-4 
hob = 329 X 10=·6 mhos (11) 
For purposes of the mathematical analysis the input 
matching network was replaced with a voltage source in series 
with a generator resistance of 1000 ohms. 
The h par,a.meter8 equivalent circuit for the cascade 
amplifier is, 
h;.fl. ti;. b 
( hrb) Ucb 
The equivalent circuit can be simplified greatly by 
combining values and by making certain assumptionso hre 
and hrb are negligible compared to the rest of the quan-
tities, therefore they were neglectedo The parallel com-
binations of R3 and c3 and Rb and c4 have approximately 
zero impedance and can be neglectedo c1 also presents a 
negligible impedance at signal frequencieso With these 




Which can be further reduced to, 
Where; 
{:~'·. 
R z = R = hie b. 
a g hie+~ 
z = hib hgg 
b hib + 11,oe 
= bo~ ZL zc hob + ZL 
Substituting values into these equations we get, 
Za = 3o74 K ohms 
zb = 55.4 ohms 
Z0 = 2 .. 08 K ohms 
Now solving.for values of ib, ie, and ic, 
V V 
i = ..:..6. = 5 
b . Za 3., 74 X 
·· ampo 
103 
60 V ib = hfe (ib) = - ............ _.g,1,,,_:_ amp .. 
3o74 X 103 
ic = hre 1 = ,,L984) (60) Vg amp .. 











The output voltage (v) normally would be equal to (i) 
0 C 
(Zc) but, because of impedance matching, 
v 0 = 1 i Z . 5 C C (21) 
The voltage gain was then calo~lated to be, 
(,984) {60) {2 2 08 x 103 = 6.56 
3.74 X 103 
21 
(22) 
Similarly the current gain and power gain is found to be, 
Po - Voie = (294) (60.56) = 1928 or 33 db (24) 
~ - Vgib power gain. 
These values were compared with a measured voltage gain 
of 5.1 and current gain of 247. 
The observed power gain of 31 db compared very well 
with the theoretical value and represented a respectable 
gain considering the sacrifices made in the interests of 
,. . 
low noise and stability. 
CHAPTER III 
MIXER AND LOCAL OSCILLATOR 
Design Considerations 
The mixer circuit was designed to provide good mixing, 
a modest power gain, and good temperature stability while 
having relatively low noiseo The local oscillator selected 
was crystal controlled and provides a stable, low impedance 
output to the emitter of the mixer transistor. The two 
portions of the circuit will be considered separately~ 
Local Oscillator 
.A necessary condition for oscillation is that the cir-
cuit provides a power gain at the desired frequency great 
enough to overcome circuit losses and to establish unity· 
gain around the feedback loop .. 8 A crystal controlled ver-
sion of the Colpitts Oscillator9 was selected for this 
application. The output was taken from the base of the 
oscillator in order to provide a low impedance output. An 
oscillator may be treated as an ordinary amplifier with a 




the amplifier and f is the gain of the feedback loop, then 
oscillation occurs when, 
23 
/K = 1 (25) 
Arranging the Colpits oscillator in the same configuration 
the transistor is the amplifier with a gain of K while .:the 
capacitors and crystal form the feedback network with a_. .. 
gain off. Referring again to Fig. 2-3, Q4 , R10 , R11 , and 
R12 is the amplifier portion of the oscillator while the 
crystal, G7, cs, c9, and·c is the feedback loopo 10 
The transistor selected for this application is the 
TI-484, a double - diffused mesa silicon type. A silicon 
transistor was chosen to allow the use of degenerative 
feedback biasing without sacrifice of temperature stabi-
lity. This type of biasing helps in maintaining a con-
stant amplitude ~utput. Resistors R10 and R12 provide 
the bias and temperature stabilization. 
-All-components were selected for quality and temper-
ature stability. All capacitors have mica dielectric and 
the'-fixed capacitors are epoxy encapsulated .. The crystal 
is housed in a crystal oven with the temperature controlled 
24 
by a heater - thermostat combination to 85° C. 
Capacitors c7 and c8 are in series with the crystal in 
the feedback loop and their values were determined experi-
mentally to provide a slight frequency adjustment and to 
adjust the feedback gain. The entire circuit serves as an 
extremely stable frequency source for the mixer. R13 and 
c11 couple the base of the oscillator to the emitter of the 
mixer and adjust the drive level. 
Mixer 
· A transistor mixer circuit was selected for this appli-
cation primarily because of eas e of design and simplicity. 
A better choice would have been one of the sheet-beam switch-
ing tube series such as t he 7360. 10 This would provide a 
greater gain and better suppression of the RF and local 
oscillator frequencies but would have required the use of a 
separate power supply for just one tube. The advantages 
did not justify the increased complexity. Accordingly, an 
emitter-fed transistor type mixer was selected. 
A transistor mixer need not be able to amplify at the 
RF frequencies involved because it is equivalent to a diode 
mixer followed by a transistor amplifier. 8 The mixing in 
this case is accomplished at the base-emitter diode. The 
transistor must be able to amplify signals at the IF fre-
quency. Transistors used as mixers must meet the following 
requirements: 
1. Efficient base-emitter diode characteristics. 
·2. Low emitter input capacitance. 
3. Good power gain at the IF frequency. 
,The mixing acti.on of the transistor, as previously 
stated, takes place over the nonlinear impedance of the 
base-emitter diode producing a series of sum and differ-
ence frequencies. This series of sum and difference fre-
quencies ~~ 0 be expressed in a Fourier Series.11 Desig-
nating the RF signal as q and the oscillator as w,,1 the 
Fourier Series is, 
. F =_A + B sin l0 t + C sin Wet + D sin ( W; + ~ j t + 
25 
E si:in (~ ... ~) t + F sin 2 ~ t + G sin 2 ~ t + • • • { 26) 
;.····· ,,, .. .;--.. : ;> 
One of these frequencies is selected as ·the IF frequency. 
The IF frequency selected for this application was the 
E sin (CJ, - l0) t term. The RF signal is 2.5 me and the 
desired IF frequency is 455 kc therefore, the local oscil-
lator must be, 
(27) 
All other frequencie~ are suppressed by frequency selective 
output circuitry. 
~-The transis"Gor selected for this application was the 
2N 2188, a germanium mesa type, which has a useful ampli-
fication up to 150 mc~15 It had a spot noise figure of 4.5 
db at 2. 5; me with LE = L 5 ma and Rg = 1K ohms o The tran-
sistor was biased to operate under these conditions. A 
stability factor of 4 was selected for the mixer to provide 
an extremely stable circuit but only at the expense of 
considerable gain. Resistors R6, R7 , and R9 set the blas 
conditions and stability for the mixer circuit. 
Proper operation of the mixer circuit required an 
oscillator signal of 630 mv to the emitter of Q'.3.13 The 
maximum design RF input to the mixer is 100 mv which gives 
26 
an output of 880 mv for conversion voltage gain of 88, R8 
is the load resistor for Q o Its value is set by impedance 
3 
and matching considerati.ons and will be descussed in con-
junction with the IF amplifier sectiono An_ unfiltered 
signal is taken from the ooll~etor of Q3 for the automatic 
gain control (AGC) circuitry. 
CHAPTER IV 
AUTOMATIC GAIN CONTROL .,A.ND METER DRIVE 
Introduction 
Since one of the prime design objectives was to 
obtain a good logarithmic response, the automatic gain 
control (AGC) forms the heart of the receivero In this 
area-it is felt that the greatest contribution has been 
madeo This design is rather unique for the following 
reasons: 
1o The design is simple and straightforward as 
compared to more conventional approaches because no 
complicated feedback loops are employedo 
e_ 
2. A feedforward rather than a feedback loop was 
selected sq that the attack and release time constants 
can be dictated by the desired operating characteristics 
of the receiver rather than the requirements of the cir-
cuitryo 
J. The logarithmic voltage=current characteristics 




Design Approaches Considered 
Several good approaches to the problem of logarithmic 
response amplifiers have been m~de, particularly in , , 
television receivers. One approach is a series of pen= 
t ode amplifier stages, each one biased at different levels 
by means of diodes. 14 Each stage begins amplifying at 
different input ~evels thereby approximating the loga-
rithmic curve by means of a piece=wise linear approach. 
Another approach is to vary the bias of the IF strip by 
means of the conventional AGC feedback loop with the con-
trol voltage being:developed by means of a non-linear 
amplifier. 15 
The major difficulty with these approaches is that 
they are either very critical or difficult to adjust in 
order to attain an accurately logarithmic response or they 
were originally intended to approximate the logari thmic 
curve. The primary interest in most television receiver 
circuits is to prevent over=driving the amplifier stages 
and not to develop an accurate logarithmic response. 
Accordingly several new approaches were tried. 
The most interesting approach was to develop a log~ 
arithmic attenuator. If the center leg of a T=pad atten-
uator is replaced by an active device such as a tube, the 
attenuation could be varied while maintaining a relatively 
constant input and output impedance. This idea was de= 
veloped and subsequently patented by Edwin c. Miller. 16 
Figure 4=1 is an emitter follower=attenuator developed 
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Figure 4-1 Logarithmic Attenuator 
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around this idea. This is a very good approach "for at= 
tenuation up to 20 db. For greater attenuation several 
emitter follower=attenuator stages could be cascaded but 
30 
the complexity becomes prohibitive in addition to the large 
insertion.loss" To attain an attenuation of 80.db, 4 cas= 
caded stages of attenuators would be required with an in= 
sertion loss of 35 db. This circuitry would be in addition 
to at least one extra IF stage to make up for the insertion 
lossG 
AGC Circuitry 
In an effort to simplify the circuitry as much as 
possible, an effort was made to utilize conventional AGC 
line.to provide a control bias to the bases of the IF 
amplifiers. The logarithmic control voltage was developed 
by taking advantage of the characteristics of the "stabistor" 
produced by Texas Instrumentsj Inc. The stabistor is a 
germanium diode selected for its logarithmic character= 
isti9s. The characteristics of the stabistor approximates 
a logarithmic function according to the equationj17 
Where: 
K = Boltzmann's constant 
T = ambient temperature in degrees Kelvin 
q = charge on an electron 
I= forward diode current 
I 8 = diode saturati9n current 
I ~ 10-2 amps for V >!.'+: 
s q 
!I,~ 250 8 mv at room temperature 
q 
The; stabistor ·· diode selected was the G129. 
(28) 
The following analysis will be referred to Figure 4-2. 
The referenc:e signal from which the AGC signal i.s derived 
is taken from the collector of the mlxer transistor (Q3 of 
Figure 2-3) to the AGC circuitryo This signal is unfiltered 
and is comprised of all of the components of the Fourier 
series, equation (26). If there is no incoming signal 
then the only component left in the series is the oscillator 
signal. This residual signal is used to provide a reference 
bias for the AGC circuitry and IF amplifierso The incoming 
reference signal passes through a voltage doubler,~rectifier 
formedbydiode~ D1 and D2 then is filtered by the filter 
formed,by c5, c6, and L2 o The result is a d=c voltage which 
controls the base of Q3• 
The use of the feed=forward control loop eliminates the 
problem of adjusting the attack and release times in order to 
avoid "motor boating." The attack time of the AFC is deter= 
mined in part by the input resistance and t 2 o The input 
resistance is approximately the outpu~ i~edance of the 
mixer or 5K ohmso The attack time 7;, is, 
0 ::: ~ :::750 X 10~6 = 015,1-'So 
R 5 x 103 
(29) 
The release time12 is determined by c5, c6, and L2 , 
12 = L(C1 + c2) = 750 X 10""'6 (2000 x 10 ... 9) 
,r2 = 1500 ps. 
These time constants are added to the time constant 
formed by the AGC line resistors, capacitor c9,and base-
(30) 
em1 tter capaci ta.noes o.f the IF amplifiers. 11 and -f2 may 
be adjust.ad as the performance of the c1roui t requires. The 
values ··given in (29) and (30) were found to give the best 
overall performance, 
Tqe ~~~ voltage from the filter controls the base of 
Q3, as J~!~yiously mentioned. This directly contrels the 
current. thrqugh Q3o Since Q3 is operated in its linear 
range the voltage across n3 is a logarithmic function of 
the incoming signal. The resistor R4 provides an adjust-
ment of the zero signal bias. The AGC voltage is taken 
as the voltage across the series combination R4 and n3o 
In practice the meter drive adjustment resistor R3 and R4 
interact slightly, therefore the meter deflection and zero 
signal.qias must be adjusted simultaneouslyo 
TheAGC voltage varies the biasing of the IF ampli-
fiers. Using the figure on the following page, the AGC 
line actually places n3 and R4 in series with the indi-
vidual bias adjustment potentiometerso The voltage across 
the n3 :1s controlled by the external current source, which 
is Q3 ~f Figure 4-2. As the incoming signal increases, 
.------------+----~----+-----------<11------------------------------o-12Kac. 
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the gain of the IF amplifiers are decreasedo The individual 
bias adjustment resistors may be adjusted to provide differ-
ent AGC response from each amplifier, thereby permitting 
the attainment of an accurate logarithmic response of the 
entire receiver. 
Meter Drive 
The information from the receiver is presented in three 
forms, a .differential output for rec.order purposes, a con-
ventional audio output, and a met.er outputo The recorder 
and audio outputs will be treated later. 
The meter face was cali.brated to provide an accurate 
indication of the incoming voltage at very low modulation 
frequencies. As the modulation frequency increases the 
response time of the meter movement dampens the needle 
oscillation and the meter indication becomes the average 
value of the amplitude of the incoming s1gnalo Referring 
again to Figure 4-2, transistor Q2 provides the current 
drive for a 0-1 millia.mmeter located on the front panel 
of the receivero Q2 actuall~ amplifies the positive por-
tion of AGC reference signalo Since the meter movement 
will not respond to the high frequency components, the 
meter indication corresponds to the lower frequencies 
and the d-c component of the referenceisignalo a3 provides 
a means for meter current adjustment but must be adjusted 





The des-tgn of the IF amplif:1.er section was dependent 
upon the method of developing the logarithmic responseo 
The initial approach, involving the use of the logarithmic 
attenuator circuit of Figure 4-1, required an IF amplifier 
with linear charaoterist1os·sinoe the receiver response 
was determined prior to the IF amplifiero The circuit of 
Figure 5~1 was developed.9 This circuit takes advantage 
of the .. simplioity offered by complementary circuitry. 
Tbe, .. amplifier utilizes a tuned=emi tter direet"'coupled 
configuration. Stability is achieved by mismatch, 
therefore neutralization is unnecessaryo This arrangement 
results. in' several :·desirable .features: 
L,, .. The amplifier ear.. be designed so that the operating 
frequency .. is almost independent of transistor property 
variat!ions,.and supply voltage changeso 
2,., -- Ci.rcui t complex! ty is reduced. 
3;. ,Alignment procedure is simplified. 
The predominant disadvantage is that a lower overall gain 
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Figure 5-1. Direct-Coupled IF Amplifier 
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Additional selectivity was achieved by use of a TF-01, 
a ceramic by-pass device manufactured by the Clevite Corpo-
ration,18 in place of the series tuned circuit of one emitter. 
This type of circuit readily accepts crystal, ceramic or 
mechanical filters in place of the series-tuned emitter byQ 
pass netwo:cks for frequency selecti·vi ty. It· is a very simple 
straightforward circuit for applications where an AGC loop 
is not .. required. The bias and temperature stability for the 
entire stage is provided by R1 and R2 , since all of succeed-
ing stages are direct coupledo 
IF Amplifier Design 
The decision to incorporate an AGC type of control in 
order to reduce overall complexity necessitated a new 
approach to the design of the IF amplifier. In order to 
provide·· simplicity of alig:r:µnent and long term reliability 
a "Transfilter", manufactured by the Clevite Corporation19 
was chosen as the frequency selective and interstage cou-
pling device. The tra.nsfilter is composed of two lead 
zirconate-lead titanate ceramic disks cut to resonate at 430 kc. 
These disks operate as a; two.,.,.part piezoelectric devlce and 
are connected to an L-section filter. Since the resonate 
frequency is set at 430 kc the antiresonate frequency occurs 
at 45,Skc, the desired IF frequency .. 
The transfilter selected was the T0=02 because of its 
impedance matching characteristics. It will match a source 
impedance range from 3.9K ohms to 15K ohms with an output 
38 
impedance range of 68 O t.o -, 3 o OK ohms o 
The transistor selected for·- the IF amplifier was the 
TI-364..,· ,, This transistor is i3. germanium pnp 4~vice ex;press-
ly design for low noise IF amplifier application. It 
exhibits its best noise characteristics with a generator 
<!t ,l '. · ~ 1 t, 
impeda.nce·of 1K ohms. 
The impedance transformation provided by the trans-
fil ter''is determined by tne load resistor of the. preceding 
stage. The' transfilter's load Q is determined by the 
equation~21 
Where: 
., '' - ..E5L 
Q - B •· 
.. ·-' 3db 
Fo = The trt;U1sfilter center frequency 
(31) 
B = The-desired band width between the 3db points. 3db 
~•- .,, 
For a 10kc bandpass, 
. . 3 
Q~_.,= ~~~ x4~o = 45. 5 
... '·' 10 
.(32) 
The load··resistor Rg now is determined by the desired 
input resis~ancciFito.-the following stage, in this case 1K oh.ms, 
according to .. the equation, 
R = L [ 2 l 2 = 5. 2K ohms ( 3 3) 
.q · · RL 2 x 10'"'2j 
This·f'.!,xe~-the.load resistor for all of the IF ampli-
fier stages, and the mi~er, with the exception of the first 
•• •• 1 •• 
IF :~tage. -This completes the impedance matching and fre-
quency selectivity portion of the analysis. 
The first stage of the IF amplifier has an output cir-
cult which provides a selectable band-pass feature. 
'· 
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Referring a.gain to Figure 4-2, the band-pass network con-
sists of a parallel tuned circuit, two Collins mechanical 
filters, and switching provisions for selecting the desired 
outputo This feature allows a choice of 2.1 or 6.o kc band-
pass •. The.:p.atural band-pass of the IF stages is approx-
imately 10ke. The mechanical filter is resonated on each 
end by,_ th$ .. capacitors c1 , c2 , c7, and c8 _according to design 
practices suggested by the manufacturero 22 When the 10kc 
switch,position is selected both mechanical filters are 
switched out of the circuit and replaced by an equivalent 
inductance L1• Then L1 and capacitors c1 and c2 form a 
parallel resonant circuit which acts as~ load for Q1• 
Other than the-,·band-pass selection feature the first IF 
amplifier is identical to the following stages shown in 
Figure .5-2. · 
Referring now to Figure 5-2, resistors R7, R8, and 
R9 are.the pias adjustment resistors for the individual 
sta.ges:·an.d 1are connected to the AGC line as previously 
describeq.. With zero signal input ~onditions the AGO 
line pQtential is very nearly equal to -12 Voltso As 
the incoming signal increases the AGO line becomes more 
positive -thereby controlling the gain of the sta.geo The 
temperature stability of each amplifier varies with the 
potential of the AGO line and is a minimum at zero signal 
conditions •. Tp.e largest stability factor occurs under 













































Because of the non-linear amplification character-
istics imposed by the AGC an equivalent circuit analysis is 
quite impractical. The amplifier was analyzed graphically 
under several bias conditionso The final step was to 
adjust,each,amplifier ind.ividually to obtain the desired 
overall response. In actua.11 ty each amplifier is ad,jus.ted 
\ .' , (" 




The detector requirements were not much different from 
the normal, however the design finally arrived at is quite 
different than the usual approach. This was done in order 
to solve a problem which occurred in the output circuitry. 
An excellent analysis of the diode detector is contai11ed in 
the Electronic Designer's Handbook.23 Therefore it will 
not be covered here. 
The diode detector extracts the AM modulation signal 
from the carriero Since the modulation information is 
duplicated in either sideband the detector need detect only 
one sideband in order to obtain all available informationo 
For this reason, the detector is biased slightly forward 
and detects only the positive or negative peaks, depending 
on th~ polarity of the diode, In practice the negative 
peaks ar~ selected in the case of tubes and npn type tran-
sistor amplifiers and the positive peaks are selected for 
pnp transistor amplifiers in order to provide an AGC feed.,. 
back. 
In this application the AGC signal was no.t recovered 
from the detector, therefore, it was immaterial which 
42 
polarity was selected. Advantage of this fact was taken in 
order to provide isolation between the audio and recorder 
output circuitry. The signal from the detector was required 
by both the recorder output and audio output circuitry, but 
at the same time the two outputs had to be completely in-
dependent. · The recorder circuitry must be unaffected by 
drive level changes in the audio system. Moreover the re-
corder output system must have a ,d-c response and therefore 
must be directly connected to the detector output. This 
problem was solved by using two separate detectors. 
Referring to Figure 5-2 the detector circuitry act-
ually 1consists of two separate diode detectors, one re-
spending to the positive peaks and the other to the negative . . 
peaks of the incoming signal. Diode D1 and the filter 
circuitry formed by R10 , R12 , R13 and c5 forms a detector 
which detects the negative peaks. On all negative peaks 
the rest of the circuitry is not conducting and is not a 
part of the acting circuit. The output of this detector is 
direct-coupled to the differential amplifier which provi des 
the recorder output. In addition, resistors R11 and R12 
provide a gain control and d-c biasing for one~half of the 
differential amplifier. 
During the occurrence of positive peaks diode n1 is. cut 
off, isolating that portion of the detector circuitry. 
Diode D2 and its filter network consisting of R13 , R14, R15 
and c6 responds to the positive peaks of the incoming signal 
44 
which is sµpp~ied to the audio output c1rcuitryo In addition 
R14, which is a front panel contr<;>l,,serves as.the volume or 
gain control for the audio systemo Sine~ both halves of 
the detector circuit conduct alternately, the outputs are 
a~~ost 9ompletely iso+ated from each othero Resistors R10 
and R15 are part of the IF frequency filter network. fn 
addition, they add to the n~twork isolation characteristics 
of the detector although they decrease detection effieiencyo 23 
Resistor R13 serves as d-c balance adjustment for the detector. 
CHAPTER VII 
RECORDER AND AUDIO SYSTEM 
Design Considerations 
As previously mentioned, three types of information 
output were required. One of the circuits that was con-
sidered worked very well but was rather difficult to adjust. 
This circuit is shown in Figure 7-1. This approach was 
originally considered because there appeared no other way 
that .. a logarithmic meter output could be obtained. Later 
the meter drive was taken form the AGC reference line and 
this circuit was no longer needed. It is an interesting 
approach to the porblem, however, so it will be briefly 
described here. Transistors Q13 , Q3 and their surrounding 
circuitry forms a differential amplifier designed to work 
with a push-pull detector. Transistor Q3 is the meter 
driver which derives its voltage supply from the potential 
/ 
difference between ground and the tap setting of resistor 
The current variation through the meter is adjusted by 
the positions the wiper arms of R1 and R2 resistors from 
the -12 volt ends and the d-c bias for Q3 is adjusted by 










Figure 7-1. Recorder Output and Meter Drive Circuit 
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R2 • A signal was picked off from the emitter of Q2 to go 
to the audio output circuitry. Resistors R5 and R6 provide 
a means for cancelling out the zero signal meter current. 
In addition to the obvious difficulty of adjustment a 
very slight interaction between the recorder and audio cir~ 
cuitry was detected. This was due to changes in input 
impedance of the first audio amplifier with change of the 
audio gain control setting. 
The output circuitry was subsequently simplified and 
redesigned by taking the meter drive from the AGC reference 
voltage, previously discussed, and isolating the recorder 
and audio sources with the detector of Figure 5-2. 
This simplification resulted in the circuitry of 
Figure 7-2. 
Recorder Driver 
The input requirements of the Sanborn Electrocardia~ 
graph Recorder, which will be used with this equipment, 
dictated that a differential output be provided transistors 
Q1 and Q2 are germanium junction transistors. They were 
especially selected to have identical hfe and temperature 
characteristics and were housed in a common heat sink. 
Because of these precautions the recorder output, taken 
as a difference between the collector potentials, is 
essentially independent of temperature. The resistors 
R3 and R4 provide a common emitter resistor and an 
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adjustment for current fluctuation r eductiono Since matched 
transistors were employed a constant current source was not 
requiredo 24 
Resistor R5 provides a fixed bias and temperature stabi-
lization for Q2 and eliminates the requirement for a push= 
pull input. The base of transistor Q1 is directly connected 
to the detector circuit and receives both the signal drive 
and d-c bias as previ ously indicated. The maximum output 
voltage from the differential amplifier to a high input 
impedance recorder is 10 volts peak-to- peak. 
Audio Amplifier 
The audio amplifier utilizes an emitter-follower as 
a driver which is direct-coupled to the power amplifier. 25 
Resistor R6 provides an adjustable bias for the amplifier. 
The output transformer furnishes an output 1.mpeda.nce of 
4 ohms to a speaker. 
CHAPTER VIII 
ALIGNMENT AND ADJUSTMENT 
Procedures 
The adjustment and alignment procedures are quite simple 
to describe but rather tedious to perform since the entire 
system must be aligned together. The alignment procedure 
will be described step by step referring to Figures 2-2 (b), 
2-3, 4-2, 5-2, and 7-2: 
lo Figure 2-3 adjusts the RF Amplifier, mixer and 
local oscillator for maximum output to the first IF amplifier 
by adjustment of L1 and 1 2 and R13 • The signal input should 
be supplied from the specific transducer to be used with 
this receiver in order to insure proper input matching. 
There is a def~nite setting of R13 for best mixing action. 
In fact, each of three adjustments will gi.ve a definite 
amplitude peak when properly tuned. 
2. Capacitor c7 will vary t he frequency slightly to 
align the transmitter and receiver frequencies precisely. 
The transmitter frequency should first be set by menas of 
a frequency counter if available. 
J. Figure 4-2. With zero input signal adjust R3 and 
50 
R4 for minimum meter reading and for approximately ~11.9 
volts at the emitter of Q3• This is a rough setting. 
4. With about 40 microvolts RF signal input adjust 
R2, c1 , and c7 for maximum output from the bandpass net-
work. The bandpass selector switch should be in the 6.0 
setting. Capacitors ~1 and c7 tune the input and output 
circuits of the mechanical filters and R2 adjusts the 
bias of Q1 • 
5. Figure 5-2. Adjust resistors R7, R8 , and_ R9 for 
proper operation. 
6. Adjust gain control R14 to maximum volume. 
7. Figure 7-2. Resistor R6 can be adjusted now for 
maximum audio output. This is all the adjustment needed 
for the aµ.dio output. The audi.o gain control can now 
be adjusted as desired. 
8. Figure 5- 2. Adjust R11 , R12 and R5 of Figure 7-2 
for proper operation of the recorder output. 
9. Figure 7-2. Resistor R3 may be adjusted for 
maximum common-mode suppression. 
10. Figures 4-2, 5-2, and 7- 2. All adjustments in 
these figures should be reaccomplished to achieve an 
accurate logarithmic response for RF inputs up to 0.1 
volt. With 0.1 volt to the receiver the meter reading 
should be 1 ma, input to the detector should be 2 volts , 




The objective of this s tudy was to develop an ultra-
sonic receiver with a logarithmic response over at least 
80 db. This objective was successfully achieved. Two of 
these receivers and one complete unit of supporting equip-
ment was delivered to the University of Minnesota Medical 
School, Minneapolis, Minnesota and placed in operation. 
In all, five receivers will be constructed for use in 
medical research. 
The design resolved some of the problems encountered 
by the medical researchers but, of course, does not repre-
sent the ultimate in design. Several areas have arisen in 
which the receiver could be improved. One of these is 
t hat the AGC circuit, while presently adequate for this 
application, could be made more versatile by adding an 
amplifier in the AGC reference line prior to the meter 
drive. This would allow the maximum AGC level to be set 
over a larger range than now possible. This a..~d other 
possible modifications, particularly in the mechanical 
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APPENDIX 
SUPPORTING EQUIPMENT 
The receiver was designed to operate as part of some 
ultrasonic medical research equipmento A complete unit 
consisted of: 
1 - 2o5 me receiver 
1 - 2.25 mo receiver 
1 - 2o5 me transmitter 
1 - 2o25 me transmitter 
1 ... control and speaker panel 
1 ... Kepko power supply 
The ultrasonic transmitter is of con.ventional tube 
design and is shown in Figure A=l. It is designed to 
deliver up to 15 watts to .50 ohm load. The drive level 
control provides a continuous.ly variable output from O. 1 
watt to· the maximum output. set by an internally adjustable 
maximum output control. The maximum output is presently 
set at 5 watts due to limitations imposed by the trans-
ducers .. 
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